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1

METHOD FOR PLANARIZING THIN LAYER
OF SEMICONDUCTOR DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Korean patent

application number 10-2006-0061493, filed on Jun. 30, 2006,
which 1s incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method for manufactur-
ing a semiconductor device, and, more particularly, to a
method for planarizing a layer.

A chemical mechanical polishing (CMP) process has been
increasingly adopted 1n the manufacture of semiconductor
devices as the degree of imntegration 1n semiconductor devices
increases. Planarization based on the CMP process 1s used as
one of the methods to prevent the generation of steps on
respective regions of a highly integrated semiconductor
device. As use of the CMP process increases, making
improvements 1n polishing uniformity during the CMP pro-
cess and thickness umiformity in a polished layer becomes
important matters.

To improve planarization degree and polishing uniformaity,
research has focused mainly with the process parameters of
the CMP process. For example, adjustment of the process
parameters can be obtained by changing the kind of slurry
used to polish the target laver deposited on a waler or sub-
strate, controlling the content of the slurry, replacing or modi-
tying components of the CMP apparatus (e.g., the condi-
tioner), adjusting the RPMs used in polishing, or adjusting the
compressive force of the head. With the adjustments of these
process parameters, various attempts have been made to
improve the planarization degree and thickness umiformity of
the layer.

Without considering the properties of the polishing target
layer, attempts at adjusting the process parameters may lead
to problems. Thus, 1t may be considered that a high degree of
thickness uniformity or planarization required for the manu-
facture of the semiconductor device cannot be obtained only
through the adjustment of the process parameters for the
CMP process as described above.

In some cases, the thickness uniformity of the polishing
target layer may be worse ofl after the CMP process has been
performed. In the case of an oxide layer formed by high
density plasma deposition (HDP), the central region of the
waler may likely have a thinner deposition thickness than the
outer regions. The conventional CMP process generally uses
ceria-based slurry, which provides a relatively high polishing
rate near the central region of the water. Thus, when the
conventional CMP process 1s performed on the HDP oxide
layer, the polishing only increases the inconsistent thickness
caused by the deposition.

SUMMARY OF THE INVENTION

The present invention provides a method for planarizing a
layer of a semiconductor device, which can realize a more
planar topology on a water layer through improvement in
thickness uniformity of the polished layer.

In one embodiment, a method for planarizing a layer of a
semiconductor device includes forming a target layer over a
substrate having first and second regions to have a reflective
index distribution. A first portion of the target layer deposited
on the first region 1s provided with a first reflective index, and
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a second portion of the target layer deposited on the second
region 1s provided with a second reflective index. The chemi-
cal mechanical polishing (CMP) 1s performed to planarize the
target layer. The target layer 1s deposited over the first and
second regions of the substrate with the retlective index dis-
tribution to compensate for a non-uniformity 1n the deposi-
tion thickness of the target layer over the first and second
regions. The target layer 1s thicker at the first region than at the
second region, and the first reflective index 1s higher than the
second reflective index.

In one embodiment, the target layer 1s deposited over the
first and second regions of the substrate with the retlective
index distribution to compensate for differences 1n removal
rates of the CMP process at the first and second regions of the
substrate. The retlective index distribution of the target layer
1s based on a thickness distribution of a test layer.

In one embodiment, the method further comprises deter-
mining a relationship between a reflective index of the target
layer to be deposited on the substrate and a removal rate of a
chemical mechanical polishing process for the target layer;
depositing a test layer on another substrate, the target layer
and the test layer being of the same material, measuring a
thickness distribution of the test layer, the thickness distribu-
tion of the test layer being used to represent a thickness
distribution of the target layer; and obtaining the reflective
index distribution from the relationship that would compen-
sate the thickness distribution of the target layer.

In another embodiment, a method for planarizing a layer of
a semiconductor device includes depositing a high density
plasma deposition (HDP) oxide layer over a wailer to have a
lower reflective index at a central region of the water than that
at a peripheral region. A chemical mechanical polishing pro-
cess 1s performed on the HDP oxide layer. The HDP oxide
layer has a greater thickness at the peripheral region than at
the central region.

In yet another embodiment, a method for plananzing a
layer of a semiconductor device includes depositing a high
density plasma (HDP) oxide layer over a waler to have a
reflective index distribution that 1s inversely proportional to a
thickness distribution of the HDP oxide layer; and perform-
ing a chemical mechanical polishing process on the HDP
oxide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic tlow chart for a method for planariz-
ing a layer of a semiconductor device according to one
embodiment of the present invention;

FIG. 2 1s a graph plotting the relationship between the
reflective index and the removal rate of a chemical mechani-
cal polishing process on a high density plasma (HDP) oxide
layer formed according to the embodiment;

FIG. 3 15 a thickness distribution water map of an HDP
oxide layer directly after being deposited;

FIG. 4 15 a thickness distribution water map of an HDP
oxide layer deposited with a retlective index distribution;

FIG. 5 15 a thickness distribution water map of an HDP
oxide layer after being polished, which shows effects of the
embodiment; and

FIG. 6 15 a schematic diagram of an apparatus for deposit-
ing an HDP oxide layer while controlling distribution of
reflective index distribution according to the embodiment.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

An embodiment of the present invention 1s described
which can compensate for non-uniform polishing during a
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chemical mechanical polishing (CMP) process using the
deposition features of the oxide layer during planarization.
The CMP process 1s adopted from a shallow trench 1solation
process or an interlayer dielectric layer forming process for a
semiconductor memory device such as DRAM. For example,
when depositing the HDP oxide layer, the reflective mndex
(RI) distribution of the HDP oxide layer 1s adjusted to com-
pensate for non-uniform polishing during a subsequent pla-
narization process. Hence, the thickness uniformity of the
polished HDP oxide layer 1s improved.

After deposition, the HDP oxide layer has a smaller thick-
ness distribution 1n the central region of the water. This thick-
ness distribution may be ditficult to compensate simply by the
subsequent CMP process. Rather, when performing the CMP
process, the HDP oxide layer on the central region of the
waler 1s more rapidly polished than the peripheral region of
the wafer. As a result, the semiconductor device may sufler
from an uneven thickness distribution by obtaining a lower
thickness on the central region of the water after polishing.

According to an embodiment of the present mvention,
when depositing the HDP oxide layer, the RI distribution of
the HDP oxide layer can be controlled to compensate for the
thickness distribution, improving the thickness uniformity of
the polished oxide layer.

The RIdistribution of the HDP oxide layer may be adjusted
such that the RI of the HDP oxide layer 1s lower on the central
region of the water and higher on the peripheral region. As a
result, the removal rate of the CMP process can be varied to
compensate for the thickness variation 1 the HDP oxide
layer.

When depositing an oxide layer such as an HDP oxide
layer, the RI distribution of the HDP oxide layer can be
controlled by changing the location of the reaction gas supply
port (e.g., nozzle) with respect to the waler, changing the
supply tlow rate distribution of the reaction gas over the
walter.

For a layer such as an HDP oxide layer, the increase in R1
increases the removal rate of the CMP process, and the
decrease 1n RI decreases the removal rate. At this time, the
CMP process may be performed using ceria-based slurries or
alumina-base slurries. It should be noted that control of the R1
means changes in optical properties of the layer rather than
changes 1n the physical thickness of the layer itself. Thus, 1t
should be understood that the change in the RI will not be
accompanied with a substantial change in physical thickness.

When depositing the layer such as an HDP oxide layer, the
RI distribution 1s lower at the central region of the wafer and
higher at the peripheral region of the water since the water has
a lower profile at the central region of the watfer and a higher
profile at the peripheral region of the wafer. Accordingly, the
thickness uniformity of the layer over the whole region of the
waler after polishing can be improved. From the measure-

ment results, the RI i1s controlled 1in the range of about
1.4~1.6, and preterably in the range of 1.47~1.52.

Next, a method for planarizing a layer of a semiconductor
device according to an embodiment of the present invention
will be described with reference to FIG. 1. First, the relation-
ship between the reflective index (RI) and the removal rate
(R/R) of the CMP process for a test layer to be deposited on a
waler 1s measured (step 101). The test layer 1s made of the
same material as the target layer that 1s to be deposited sub-
sequently. Both the test and target layers are HDP oxide in the
present implementation. This relationship between the RI and
R/R can be obtained by measuring the reflective index and the
removal rate of the CMP process after depositing the HDP
oxide layer as the test layer on a sample water.
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FIG. 2 shows an experimental result of the relationship. In
FI1G. 2, 1t can be seen that, as the RI increases, the removal rate
(R/R) of the CMP process increases. The following equation
illustrates the relationship between RI and R/R: y(R/R)
=148.65xRI-178.98.

Then, a test layer 1s deposited on a test water, and a thick-
ness distribution of the test layer 1s measured (step 103). The
thickness distribution of the test layer (e.g., the HDP oxide
layer) can be measured as shown 1n a simulated-map of FIG.
3. From FIG. 3, 1t can be seen that the test layer 1s deposited
with a lower thickness on the central region of the watfer than
on the peripheral region.

When performing the CMP process on the test layer, a
distribution map of the reflective index 1s obtained to assist
planarization of the test layer under consideration of the rela-
tionship between the R/R and the RI, and the thickness dis-
tribution map shown 1n FIG. 3 (step 105). According to the
relationship between the R/R and the RI shown 1n FIG. 3,
since the removal rate increases with RI, a distribution of the
RI capable of compensating for the thickness variation of the
oxide layer can be calculated using this relationship. The
corresponding distribution of the RI 1s shown 1n a simulated-
map in FIG. 4.

Referring to FIG. 4, to obtain the RI distribution to com-
pensate the thickness variation of the test layer shown 1n FIG.
3, 1t 1s desirable that the test layer be more thickly deposited
on the peripheral region of the wafer than on the central region
thereof. Thus, the RI distribution 1s preferably controlled to
have a lower RI on the central region of the wafer and a higher
RI on the peripheral region thereof.

Then, a target layer 1s deposited on the water to have the RI
distribution obtained 1n the above operation (step 107). That
1s, the target layer 1s deposited on the waler using the rela-
thIlSth shown 1n FIG. 2, so that the target layer has a |
RI at a thicker region of the water and a lower RI at a thinner
region of the water.

The non-umiform RI distribution can be realized by con-
trolling the deposition conditions 1n each region of the water.
For example, the HDP deposition 1s performed after a water
630 1s mounted on a table such as a chuck 650 1n a HDP
deposition reaction chamber 610, as shown 1n FIG. 6.

Here, the HDP deposition process 1s performed 1n such a
way that an HDP oxide layer (or the target layer) has different
reflective indexes on the water 630 by inducing different
supply fluxes of a reaction gas, for example, silane SiH,,
acting as a silicon source, when supplying the reaction gas
through a nozzle 670.

For example, it 1s possible to induce the different fluxes of
the reaction gas corresponding to the regions of the water by
controlling or changing the location of the nozzle 670 with
respect to the regions of the water 630.

That 1s, when the nozzle 670 1s positioned above the
peripheral region of the water 630, the HDP oxide deposited
on the central region of the wafer has a lower RI than that of
the HDP oxide deposited on the peripheral region of the water
630. It can be understood that this phenomenon 1s caused by
a relative decrease 1n supply flux of the silicon source gas
towards the center of the water 630 compared with the periph-
eral region of the wafer.

On the other hand, when the nozzle 670 1s extended and
positioned above the central region of the water 630, the HDP
oxide on the central region of the wafer has a higher RI than
that of the HDP oxide on the peripheral region of the water
630. This phenomenon 1s caused by an increase 1n the supply
flux of the silicon source towards the central region of the
waler 630 compared with the peripheral region. Meanwhile,
it should be noted that this method of supplying the reaction
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gas 1n the deposition equipment 1s based on the structure of
the reaction chamber which comprises of a plurality of
nozzles around the chuck to supply the reaction gas onto the
waler on the chuck.

In other words, the distribution of the RI can be changed
without substantial change in the physical thickness of the
polishing target layer on the wafer in such a way that, 1f an
operator wishes to increase the RI, the operator locally
increases the supply tlux of the silicon source gas towards an
associated location, and 11 the operator wishes to decrease the
RI, the operator locally decreases the flux of the silicon source
gas. Here, the RI 1s changed 1n the range of about 1.4~1.5
based on the relationship shown in FIG. 2.

In order to compensate for the thickness distribution of the
HDP oxide layer, the HDP oxide layer 1s deposited (and
ctched) on the wafer while inducing the HDP oxide layer to
have the RI distribution. Accordingly, as shown 1n FIG. 4,
deposition of the HDP oxide layer having the RI distribution
1s obtained.

Then, a final HDP oxide layer having improved thickness
uniformity 1s obtained as shown 1 FIG. 5 by performing the
CMP process on the polishing target layer (109). At this time,
the CMP process may be performed using ceria-based slur-
ries or alumina-base slurries. The CMP process may be per-
tormed using the ceria-based slurries 1n order to realize a high
selection ratio with respect to a silicon nitride layer. In the
present implementation, the CMP process 1s performed using,
a typical polishing pad and a typical etching apparatus used
for polishing of the oxide layer.

As such, the HDP oxide layer as the target layer 1s depos-
ited to have the RI distribution capable of compensating for
the thickness distribution, thereby permitting the different
removal rates of the CMP process on the regions of the water
corresponding to the RI distribution. As a result, the polished
target layer can have an improved thickness distribution after
the CMP process compared with the thickness distribution
caused by the deposition.

As apparent from the above description, the present inven-
tion can improve the process margins of mask formation,
selective etching, etc., and effectively prevent vanation of
device characteristics between walers 1 each process lot.
Thus, yield and characteristics of the devices can be
improved.

It should be understood that the embodiments and the
accompanying drawings have been described for illustrative
purposes. Further, those skilled in the art will appreciate that
various modifications, additions and substitutions are
allowed without departing from the scope and spirit of the
invention. For example, the RI distribution between the
peripheral region and the central region may be varied by
means other than changing the position of the supply nozzle
670, as described above. The RI distribution may be varied by
providing a plurality of supply ports over different regions of
the water and adjusting each of these supply ports to control
the flow rate of the silicon source gas to the different regions
ol the water. The scope of the invention should be interpreted
based on the appended claims.

What 1s claimed 1s:

1. A method for plananzing a layer of a semiconductor
device, the method comprising:
forming a target layer over a substrate having first and
second regions to have a reflective index distribution,
wherein a first portion of the target layer deposited on the
first region 1s provided with a first reflective index and a
second portion of the target layer deposited on the sec-
ond region 1s provided with a second retlective index,
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wherein first region 1s different from second region and
a first reflective index 1s different from a second retlec-
tive index; and

performing the chemical mechanical polishing (CMP) pro-

cess to planarize the target layer.

2. The method of claim 1, wherein the target layer 1s depos-
ited over the first and second regions of the substrate with the
reflective index distribution to compensate for a non-unifor-
mity in the deposition thickness of the target layer over the
first and second regions, and

wherein the target layer 1s thicker at the first region than at

the second region, and the first reflective index 1s higher
than the second reflective index.

3. The method of claim 2, wherein the target layer 1s depos-
ited over the first and second regions of the substrate with the
reflective index distribution to compensate for differences in
removal rates of the CMP process at the first and second
regions of the substrate.

4. The method of claim 1, wherein the reflective index
distribution of the target layer 1s based on a thickness distri-
bution of a test layer.

5. The method of claim 1, further comprising:

determining a relationship between a reflective index of the

target layer to be deposited on the substrate and a
removal rate of a chemical mechanical polishing process
for the target layer;

depositing a test layer on another substrate, the target layer

and the test layer being of the same matenal;
measuring a thickness distribution of the test layer, the
thickness distribution of the test layer being used to
represent a thickness distribution of the target layer; and
obtaining the reflective index distribution from the rela-
tionship that would compensate the thickness distribu-
tion of the target layer.

6. The method according to claim 1, wherein the target
layer comprises a silicon oxide layer deposited using a high
density plasma deposition (HDP) process.

7. The method according to claim 6, wherein a removal rate
of the chemical mechanical polishing process for the HDP
oxide layer increases corresponding to increase 1n a reflective
index of the HDP oxide layer.

8. The method according to claim 7, wherein the HDP
oxide layer has a higher reflective index at a location of where
the HDP oxide layer 1s deposited to a greater thickness, and a
lower reflective index at a location where the HDP oxide layer
1s deposited at a lower thickness.

9. The method according to claim 8, wherein the depositing,
of the HDP oxide layer comprises:

adjusting a supply tlow rate of a reaction gas 1n such a way

to increase a supply flow rate of the reaction gas onto the
first region, and decrease the supply tlow rate of the
reaction gas onto the second region, the first retlective
index of the first region being higher than the second
reflective index of the second region.

10. The method according to claim 9, wherein the depos-
iting of the HDP oxide layer comprise:

positioning a reaction gas supply nozzle 1 above and proxi-

mate to the first region.

11. The method according to claim 1, wherein the target
layer 1s deposited over the substrate to have the retlective
index distribution to be 1n the range of about 1.4~1.6.

12. A method for planarizing a layer of a semiconductor
device, the method comprising:

depositing a high density plasma deposition (HDP) oxide

layer over a water to have a lower retlective index at a
central region of the wafer than that at a peripheral
region; and
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performing a chemical mechanical polishing process on
the HDP oxide layer,

wherein the HDP oxide layer has a greater thickness at the
peripheral region than at the central region.

13. The method according to claim 12, wherein the depos-
iting of the HDP oxide layer comprises:

supplying a reaction gas for the HDP oxide layer such that
a supply tlow rate of the reaction gas 1s lower at the
central region of the waler than at the peripheral region.

14. The method according to claim 12, wherein the depos-
iting of the HDP oxide layer comprises:

positioning a reaction gas supply nozzle for supplying a
reaction gas for the oxide layer proximate to the periph-
eral region.

15. The method according to claim 12, wherein the HDP
oxide layer 1s deposited on the water to have a reflective index
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distribution between about 1.4~1.6 for the central region and
the peripheral region of the water.
16. A method for planarizing a layer of a semiconductor
device, the method comprising:
depositing a high density plasma (HDP) oxide layer over a
waler to have a reflective index distribution that 1s
iverse proportional to a thickness distribution of the
HDP oxide layer; and
performing a chemical mechanical polishing process on
the HDP oxide layer.
17. The method according to claim 16, wherein the depos-
iting of the HDP oxide layer comprises:
supplying a reaction gas for the HDP oxide layer such that
a supply tlow rate of the reaction gas 1s less at a central
region of the water than at of the peripheral region of the
waler.
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